We present a measurement of the time-integrated flavor-specific semileptonic charge asymmetry in the decays of B CP violation has been observed in the decay and mixing of neutral mesons containing strange, charm and bottom quarks. Currently all measurements of CP violation, either in decay, mixing or in the interference between the two, have been consistent with the presence of a single phase in the CKM matrix. An observation of anomalously large CP violation in B 0 s oscillations can indicate the existence of physics beyond the standard model (SM) [1] . Measurements of the likesign dimuon asymmetry by the D0 Collaboration [2, 3] show evidence of anomalously large CP-violating effects using data corresponding to 9 fb −1 of integrated luminosity. Assuming that this asymmetry originates from mixed neutral B mesons, the measured value is A The asymmetry a s sl is defined as 
where 
where A µ is the reconstruction asymmetry between positive and negatively charged muons in the detector [5] , A track is the asymmetry between positive and negative tracks, A KK is the residual kaon asymmetry from the decay of the φ meson, and F While the data selection, fitting models, A µ , A track , and A KK were studied, the value of the raw asymmetry was offset by an unknown arbitrary value and any distribution that gave an indication of the value of the asymmetry was not examined.
The D0 detector has a central tracking system, consisting of a silicon microstrip tracker (SMT) and a central fiber tracker (CFT), both located within a 2 T superconducting solenoidal magnet [5, 6] . An outer muon system, at |η| < 2 [7] , consists of a layer of tracking detectors and scintillation trigger counters in front of 1.8 T toroidal magnets, followed by two similar layers after the toroids [8] .
The data are collected with a suite of single and dimuon triggers. The selection and reconstruction of µ + D − s X decays requires tracks with at least two hits in both the CFT and SMT. Muons are required to have hits in at least two layers of the muon system, with segments reconstructed both inside and outside the toroid. The muon track segment has to be matched to a particle found in the central tracking system which has momentum p > 3 GeV/c and transverse momentum 2 < p T < 25 GeV/c. The
− decay is reconstructed as follows. The two particles from the φ decay are assumed to be kaons and are required to have p T > 0.7 GeV/c, opposite charge and a mass M (K + K − ) < 1.07 GeV/c 2 . The charge of the third particle, assumed to be the charged pion, has to be opposite to that of the muon with 0.5 < p T < 25 GeV/c. The three tracks are combined to create a common D − s decay vertex using the algorithm described in Ref. [9] . To reduce combinatorial background, the D To improve the significance of the B 0 s selection we use a likelihood ratio taken from Refs. [10, 11] . It combines several discriminating variables: the helicity angle between the D − s and K + momenta in the center-of-mass frame of the φ meson; the isolation of the
is the sum of the momenta of the three tracks that make up the D 
. The final requirement on the likelihood ratio variable, y sel , is chosen to maximize the predicted ratio N S / √ N S + N B in a data subsample corresponding to 20% of the full data sample, where N S is the number of signal events and N B is the number of background events determined from signal and sideband regions of the M (
2 , over a mass range of 1.
2 . The number of events is extracted by fitting the data to a model using a χ 2 fit. The D The polarities of the toroidal and solenoidal magnetic fields are reversed on average every two weeks so that the four solenoid-toroid polarity combinations are exposed to approximately the same integrated luminosity. This allows for a cancellation of first-order effects related to instrumental asymmetries. To ensure full cancellation, the events are weighted according to the number of µ + D − s decays for each data sample corresponding to a different configuration of the magnets' polarities. The data are then fitted to obtain the number of weighted events, N (µ ± D ∓ s ) = 203,513 ± 1,337. This is shown in Fig. 1 , where the weighted M (K + K − π − ) invariant mass distributions in data is compared to the signal and background fit.
The raw asymmetry (Eq. 2) is extracted by fitting the M (φπ ∓ ) distribution of the D ∓ s candidates using a χ 2 minimization. The fit is performed simultaneously, using the same models, on the sum (Fig. 1 ) and the difference (Fig. 2) of the M (φπ − ) distribution associated with a positively charged muon and M (φπ + ) distribution associated with a negatively charged muon. The functions W used to model the two distributions are 
.00 GeV/c 2 without using a fit. In this region we observe an asymmetry of (−0.5 ± 0.3)% which is consistent with the value of A extracted by the fitting procedure.
To test the sensitivity of the fitting procedure, the charge of the muon is randomised to introduce an asymmetry signal. We use a range of raw signals from −2.0% to +2.0% in 0.2% steps with 1000 trials performed for each step, and the result of these pseudo-experiments, each with the same statistics as the measurement, is found. In each case, the central value of the asymmetry distribution is consistent with the input value with a fitted width of 0.33% and no observable bias. The uncertainty found in data agrees with this expected statistical sensitivity.
Systematic uncertainties in the fitting method are evaluated by making reasonable variations to the fitting procedure. The mass range of the fit is shifted from 1.700 
2 is used. The systematic uncertainty is assigned to be half of the maximal variation in the asymmetry for each of these sources, added in quadrature. The total effect of all of these systematic sources of uncertainty is a systematic uncertainty of 0.051% on the raw asymmetry A, giving
To extract a s sl from the raw asymmetry, corrections to the charge asymmetries in the reconstruction have to be made. These corrections are described in detail in Ref. [12] . The residual detector tracking asymmetry, A track , has been studied in Ref. [2] and by using K
No significant residual track reconstruction asymmetries are found and no correction for tracking asymmetries need to be applied. The tracking asymmetry of charged pions has been studied using MC simulations of the detector. The asymmetry is found to be less than 0.05%, which is assigned as a systematic uncertainty. The muon and the pion have opposite charge, so any remaining track asymmetries will cancel to first order.
Any asymmetry between the reconstruction of K + and K − mesons cancels as we require that the two kaons form a φ meson. However, there is a small residual asymmetry in the momentum of the kaons produced by the decay of the φ meson due to φ-f 0 (980) interference [13] . The kaon asymmetry is measured using the decay K * 0 → K + π − [12] and is used to determine the residual asymmetry due to this interference,
The residual reconstruction asymmetry of the muon system, A µ , has been measured using J/ψ → µ + µ − decays as described in [2, 3, 12] . This asymmetry is determined as a function of p T and |η| of the muons, and the correction is obtained by a weighted average over the normalized yields, as determined from fits to the M (φπ − ) distribution. The resulting correction is A µ = (0.11 ± 0.03)% and the combined corrections are A µ + A track + A KK = [0.13 ± 0.06 (syst.)] %, including the statistical uncertainties combined in quadrature.
The remaining variable required is F The MC sample is created using the pythia event generator [14] modified to use evtgen [15] for the decay of hadrons containing b and c quarks. Events recorded in random beam crossings are overlaid over the simulated events to quantify the effect of additional collisions in the same or nearby bunch crossings. The pythia inclusive jet production model is used and events are selected that contain at least one muon and a
The generated events are processed by the full simulation chain, and then by the same reconstruction and selection algorithms as used to select events from data. Each event is classified based on the decay chain that is matched to the reconstructed particles.
The mean proper decay lengths of the b-hadrons are fixed in the simulation to values close to the current world-average values [16] . To correct for these differences, a correction is applied to all non-prompt events in simulation, based on the generated lifetime of the B candidate, to give the appropriate world-average B meson lifetimes and measured value of the width difference ∆Γ s [17] .
To estimate the effects of trigger selection and track reconstruction, we weight each event as a function of p T of the reconstructed muon so that it matches the distribution in the data, and as a function of the lifetime to ensure that the B-meson lifetimes and ∆Γ s match the world-average [16] .
In the case of the B 0 s meson, the time-integrated oscillation probability is essentially 50% and is insensitive to the exact value of ∆M s . Combining the fraction of B 0 s decays in the sample and the time-integrated oscillation probability, we find F , the branching ratios and production fractions of B mesons are varied by their uncertainties. We also vary the Bmeson lifetimes and ∆Γ s and use a coarser p T binning in the p T event weighting. The total resulting systematic uncertainty on F osc B 0 s is determined to be 0.017 that includes the statistical uncertainty from the MC simulation. An asymmetry of B 0 d decays of 1% would contribute 0.005% to the total asymmetry, which is negligible compared to the statistical uncertainties and therefore neglected.
The uncertainty due to the fitting procedure (0.05%) and the asymmetry corrections (0.06%) are added in quadrature and scaled by the dilution factor, F osc B 0 s . The effect of the uncertainty on the dilution factor is then added in quadrature, giving a total systematic uncertainty of 0.17%.
The resulting time-integrated flavor-specific semileptonic charge asymmetry is found to be
superseding the previous measurement of a s sl by the D0 Collaboration [4, 18] and in agreement with the SM prediction. This result can be combined with the two A b sl measurements that depend on the impact parameter of the muons (IP) [3] and the average of a d sl measurements from the B factories, a d sl = (−0.05 ± 0.56)% [16] , (Fig. 3) . As a result of this combination we obtain a obtained in Ref. [3] . These results have a probability of agreement with the SM of 0.28×10 −2 , which corresponds to a 3.0 standard deviations from the SM prediction. In summary, we have presented the most precise measurement to date of the time-integrated flavor-specific semileptonic charge asymmetry, a s sl = [−1.12 ± 0.74 (stat) ± 0.17 (syst)] %, which is in agreement with the standard model prediction and the D0 like-sign dimuon result [3] .
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